






Identification of Wear Process of Silver Plating Layer  
by Using Dual AE Sensing
Alan HASE＊, Yousuke SATO＊＊, Keisuke SHINOHARA＊＊ and Kentaro ARAI＊＊
＊　 Department of Mechanical Engineering, Faculty of Engineering, Saitama Institute of Technology
＊＊  DOWA METALTECH Co., Ltd.
Abstract
　　　The purpose of this study is to establish a measurement and evaluation method of dual 
acoustic emission (AE) sensing that uses two AE sensors to simultaneously measure the 
tribological characteristics of each two friction materials in real time.　In this experiment, for in 
situ measurement and evaluation of the wear process of silver plating, AE sensors were attached 
to both silver plated pin and plate specimens, and the AE signals were measured simultaneously 
in a pin-on-plate-type reciprocal sliding tester.　As a result, it was found that the change of 
AE signal can be classified into three phases.　From surface observation and energy-dispersive 
X-ray spectroscopy analysis, it was confirmed that the wear of the silver plating layer progressed 
in Phase I, and the nickel intermediate layer was exposed and the wear of nickel progressed 
in Phase II.　Also, the contact electrical resistance increased and the copper underlayer was 
exposed in Phase III.　In summary, it was found that there is a possibility that the wear process 
of the silver plating layer, which cannot be identified from the changes in frictional resistance 
and contact electric resistance, can be recognized from the changes in AE signals.　Furthermore, 
it was found that the change in the wear state of both specimens can be identified from the 
difference in the amplitude of the AE signals and the timing of their detection.
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Fig. 1 Appearance of the experimental setup.





AE amplification factor 90 dB






率を 90 dBとし，ノイズ除去の目的で 50～100 
kHzのハイパスフィルタ処理を行った．
　表 2は，今回供試した試験片の詳細と摩擦条






おいて，突起形状 R ＝ 1.0 mm，板厚 0.2 mm，
ニッケル下地めっき厚み 0.5 µm，銀めっき厚













Fig. 2 Schematic diagram of the experimental setup and the measuring system.




(R 1.5 mm embossed 




Composition of plating 
layer
Normal load, W 2.0～3.0 N
Sliding velocity, v 100～200 mm/min
Sliding stroke 5 mm
Number of 
reciprocating, n ～150 times 
(repeated)
Atmosphere
at room temperature, in
open air, under 
unlubricated condition
10 mm
































Fig. 3 Changes in the friction force and the electrical 
contact resistance (t 0.2 mm, Ag plating 1 µm, 
W＝3.0 N, v＝100 mm/min).
Fig. 4 Micrographs of the worn surface for base (left) 
and indent (right) specimens (t 0.2 mm, Ag 
plating 1 µm, W＝3.0 N, v＝100 mm/min, n＝
50 times).
Fig. 6 Changes in the friction force and the electrical 
contact resistance (t 0.64 mm, Ag plating 5 µm, 
W＝3.0 N, v＝200 mm/min).
Fig. 5 Micrographs of the wear particles collected 
after the experiment.
Fig. 7 Change in the AE mean amplitude value mea-
sured by the base side AE sensor corresponding 












































Fig. 9 Changes in the friction force and the electrical 
contact resistance (t 0.2 mm, Ag plating 1 µm, 
W＝3.0 N, v＝200 mm/min).
Fig. 8 Micrographs of the worn surface for base (left) 
and indent (right) specimens (t 0.64 mm, Ag 
plating 5 µm, W＝3.0 N, v＝200 mm/min, n＝
100 times).
Fig. 10 Change in the AE mean amplitude value 
measured by the base side AE sensor corre-
sponding to the experimental data in Fig. 9 
(HPF: 100 kHz).
Fig. 11 Micrographs of the worn surface for base (left) 
and indent (right) specimens (t 0.2 mm, Ag 






























































Fig. 13 Micrographs of the worn surface for indent 
specimens corresponding to the experimental 
data in Fig. 12(a) and (b).
Fig. 12 Change in the AE mean amplitude value 
measured by the indent side AE sensor (t 0.2 
mm, Ag plating 1 µm, W＝3.0 N, v＝100 





(a) Experiment #1 (b) Experiment #2














Fig. 14 Changes in the frictional force, contact electrical resistance and AE signals for the three phases of 
wear (t 0.64 mm, Ag plating 5 µm, W = 3.0 N, v = 200 mm/min, HPF: 50 kHz).
Fig. 15 Elemental mapping images by EDS analysis for the worn surfaces of the base specimens obtained at 
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